Abstract: Species associated with Fusarium head blight are depending on the production and edaphic conditions. The differences are found in the representation of various Fusarium spp. in the diseases, which sporadically occur all over the territory of Slovakia, in all agricultural production types. We identified fifteen Fusarium species during ten years of investigation. Most of the mentioned species F. culmorum (W.G. Smith) Sacc., F. graminearum Schwabe, recently F. cerealis (Cooke) Sacc. (crookwellense Burgess, Nelson & Tousson) and F. sambucinum Fuckel in diseased caryopsis are seed transmitted. The significant differences among species and intra species in cultural and pathogenicity assays in vitro and in vivo were correlated. Some of them are able to produce toxic metabolites -deoxynivalenone, which probably play a role in the aggressiveness of the pathogen and promote disease development and pathogen colonization.
Introduction
Fusarium head and seedling blight are fungal diseases of wheat Triticum aestivum L. in both temperate and semitropical region. F. graminearum Schwabe and F. culmorum (W.G. Smith) Sacc. are the most common species associated with them (Parry et al. 1995; Miedaner & Schilling 1996) . The species cause yield reduction and accumulation of mycotoxins in kernels (Chelkowski 1989; Perkowski et al. 1997) . Fusarium seedling blight arises mainly as a result of seedborne inoculums, although inoculums may be soilborne. Data on the influence of climatic factors on Fusarium seedling blight and foot root is limited in our region (Šrobárová 2001) . We identified fifteen Fusarium species (Booth 1971) during ten years of investigation. Recently we have isolated F. cerealis (Cooke) Sacc. (crookwellense Burgess, Nelson & Tousson) and F. sambucinum Fuckel, from diseased caryopsis using manual Nelson et al. (1983) . Others, such as Fusarium (F. oxysporum Schlechtend, F. avenaceum Fr. Sacc., F. moniliforme Sheldon and F. nivale (Fr.)Ces. are present in soil and ears of diseased plants. The additional species were recorded on spikes, stem, leaves, (F. solani (Mart.) Appel & Wollenweber, F. equiseti (Corda) Sacc., F. poae (Peck) Wolenw., F. acuminatum Ell. & Ev., F. sporotrichioides Sherb., F. tricinctum (Corda) Sacc., F. sulphureum Schlechtendahl) namely in years inappropriate for disease (Šrobárová 2001) .
Most of the mentioned species such as F. culmorum, F. graminearum, or F. cerealis (F. crookwellense) and F. sambucinum in diseased caryopsis are seed transmitted. Some of them are able to produce toxic metabolites as β-trichotecenes, which probably play a role in the aggressiveness of the pathogen and promote disease development and colonization (Snijders & Perkowski 1990; Perkowski et al. 2002) . The aim of our work was to check them for cultural growth in vitro and the pathogenicity in vivo. The pathogenicity with the concentration of deoxynivalenol (DON) was assayed.
Material and methods
In vitro and in vivo assay were performed with fungi of Fusarium spp. isolated from caryopsis of wheat stands (Table 1). It means that cultural characteristic and pathogenicity to wheat cv. Torysa, which is the medium resistant to fusariosis, were assayed. Isolates come from 1997*, 1999** and 2001*** years, which were not appropriate for calamity. been created, the monosporic isolates were prepared by dilution. The single-spore isolates were grown on the potatodextrose agar (PDA) from Difco Laboratories (Detroit, MI) using 40 grams in 1 L distilled H2O, pH 6 (± 0.2). Radial growth rates of all 25 isolates were determined by measuring colony diameters of single conidial cultures on PDA into Petri dishes (d = 90 mm).The colony growth and sporulation was measured each of three days (Nelson et al. 1983) .
Cultural characteristic
Cultures were incubated for 5 weeks in a 14-h photoperiod at 22
• C by day and 15
• C by night. Measurements were made on three replicate cultures that each originated from single conidia per each strain.
Pathogenicity tests
Strains were assayed for pathogenicity by inoculating seedlings of wheat cv. Torysa. Seeds were surface-sterilized with 1% sodium hypochlorite (diluted 5% commercial bleach) for 2 min and rinsed three times in sterile distilled water for 2 min. After being rinsing with sterile water, the seeds were placed into Petri dishes (d = 90 mm) on wet filters and kept in the dark for 2 days at 22
• C. After that the germinated seeds were transferred into test jar (150 by 100 mm) containing 15 mL of solidified sterile 0.6% water agar (ten uniform seeds per jar). The jars were plugged with sterile aluminum cover and incubated for 10 days with a 14-h photoperiod at 22
• C by night. For each of the 25 Fusarium strains, inoculums was prepared and the seedlings in jars were inoculated with 0.5 mL of a spore suspension containing 10 5 spores per mL and incubated for 10 additional days under the same conditions as those used for the initial growth of the seedlings. Spores were controlled under Bürker chamber. Controls were inoculated with 0.5 mL of sterile potato dextrose broth. Plants were rated visually for disease severity reflecting the proportion of the root system with visual lesions according to the method described by Wildermuth and McNamara (1994) using a 5-point scale where: 0 -no symptoms, 1 -25%, 2 -50 %, 3 -75%, and 4 -100% ( plant necrotic). Analysis of variance was performed and disease severity ratings were ranked. Fresh and dry weight production (the seedlings were dried in thermostat at 105
• C) has been compared to the control. Redascreen fast deoxynivalenone (DON) kit (RBiopharm GmbH, Darmstadt, Germany) was used for semiquantity measurements of DON, according to the manufacturer's instructions.
In this study, the detection limit was adjusted to about 50 µg kg −1 using a higher minimal extract dilution factor. All standard and sample solutions were analysed in duplicate wells and were compared to the standard.
Results
After 3 days of incubation at constant temperature, all fungi had grown significantly both on the PDA and WA. Radial growth rates for all four taxes (Tables 1, 2) were similar at 22
• C, ranging from a mean of 3.28 mm in 72 h at 22
• C for F. culmorum to 3.33 mm in 72 h for F. graminearum. The highest differences were seen on fourth and fifth day -average colony 5.93-7.97 mm; SD ± 0.68-1.127, when slowly growing strains (1, 5, 9, 16, 25) reached around 6-8 mm, while 2 and 21 isolates reached more than 50 mm, and rest ones (Table 1) had reached the edge of the plate (90 mm).
The pigmentation of the reverse side of the colony was usually carmine red for all the F. graminearum isolates while aerial mycelium was white to carmine red. The aerial mycelium of F. culmorum is floccose and whitish to yellowish or pinkish at first, becoming ochreous to brownish-red and fealty with age. The aerial mycelium is white to tan, the undersurface is carmine red for F. cerealis, sporodochia orange to redbrown and they are produced in the central part of older cultures. The aerial mycelium of F. sambucinum is pink to reddish brown, dark red to brown undersurface respectively on 10 th day. On a seventh day the Petri dishes (d = 90 mm) were covered by colony, except abovementioned strains. Intraspecific differences are most significant on a fourth and fifth day (Table 2).
After a seven day period, sporulation of all isolates sub-cultured on PDA was very weak or there were no sporulating colonies at all. Larger numbers of sporulating colonies (Table 3) were obtained after 21 days (14 day/light regime). Perithecium was formed after thirty -forty days.
With regards to the isolates subcultured on 2% water agar, more sporulating colonies were obtained, Diversity of the Fusarium species despite the fact that the aerial mycelium was not particularly lush.
Relative pathogenicity was examined under laboratory conditions for 25 isolates of the fourth species. Strains of all Fusarium taxes were pathogenic to wheat seedlings, as indicated by disease severity rank (Fig. 1) . The degree of infestation (DI) was measured for F. graminearum, but degree of 3 was occurred most frequently for each isolates. The DI of the control ranged from 0.2 to 0.3.
The isolates of F. culmorum may be described as aggressive, while some isolates of F. graminearum as well as all other tested isolates may be said to be strongly aggressive. Based on mean values, F. graminearum was significantly more virulent to the seedlings. Compared to the weight fresh and dry weight of infested seedlings to the control there are three isolates higher (Fig. 2) than the isolates of F. culmorum. However, F. cerealis was significantly less virulent to wheat than F. sambucinum with respect to all of these parameters as well as DON production.
The highest amount of DON (Fig. 3) was produced by F. graminearum, with values ranging from 1. 7 to 4.2 µg g −1 , and F. culmorum ranging from 2.00 to 2.9 µg g −1 . The lowest DON product was isolated of F. cerealis (up to 1.20 µg g −1 ), isolates of F. sambucinum didn't produce it.
Discussion
Among the 25 strains, we classified F. cerealis in vivo as very low-level pathogenicity and producers of β-trichothecene mycotoxins (DON), one isolate is in coincidence growth in vitro, in patogenicity test. It is very pathogenic in Poland and is occurring in other European countries (Bottalico & Perrone 2002) or in North America (Nelson et al. 1983; Clear & Patrick 2000) .
No or very low differences are among isolates of F. culmorum. The low level of genetic differentiation among populations of F. culmorum is usually observed in out crossing fungal species rather than in predominantly asexually propagated populations (Gargoliu et al. 2003; Vančo et al. 2007 ). The lack of geographic structure in populations of F. culmorum suggests us that spore dispersal probably occurs over a wide geographic area. This result can be explained by the low level of pathogenic host specialization of F. culmorum populations (Miedaner & Schilling 1996; Miedaner et al. 2000) . Thus, low levels of genetic differentiation among geographic regions have been reported for the sexually reproducing wheat pathogens F. graminearum (Schilling et al. 1997; Dusabenyag et al. 1999 ). More differences were observed in our experiment among isolates of F. graminearum (FG). Three groups of FG were identified on the world scale isolates (Dusabenyag et al. 1999) , two of which, A and B, contained all of the isolates from Nepal and the third group C all of the isolates from the USA and Europe. In pathogenicity tests on wheat seedlings the group C isolates (Miedaner et al. 2001 ) were more aggressive on hosts than the group A and B isolates. Group C isolates may represent a recently evolved, more aggressive, lineage of F. graminearum. Variation in aggressiveness is associated with the genetic diversity of F. graminearum. The observed differences in aggressiveness of isolates can be attributed to the different DON production rates. Mirocha et al. (1997) identified that 95% of 114 F. graminearum isolates collected from soil or cereal plants on a worldwide basis were capable of producing DON in vitro. The amount of toxin was strongly related to disease severity (Hestbjergh et al. 2002) of barley seedlings infected by F. culmorum. Authors assessed the mean disease severity for high-level producers as 90% and the mean for low-level producers was only 10%. F. sambucinum is not DON producer. This pathogen was found at low levels in different countries i.e. in Canada (Gilbert et al. 2004) , in Hungary (Toth 1997) or in other parts of Europe, namely on plants which are cultivated after cereals (Logrieco et al. 2002) . The correlation between blight and DON was proved in Desjardins & Hahn (1997) however, it was absent in some cultures and pathogenesis (Miedaner et al. 2001; Wisniewska & Busko 2005) , which indicate that DON might be not the most important factor for pathogenesis but for aggressiveness (Bai et al. 2001) . All of our cultures contain DON, but in our experiment no correlation of each isolates pathogenecity exists among aggressiveness and its concentration.
The pattern of volatile sesquiterpenes is characteristic and distinctive for both toxic and nontoxic strains of F. sambucinum (Mirocha et al. 1995) .
